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7KH LQIOXHQFH DQG PHFKDQLVP RI PLFURVFRSLF SLW LQLWLDWLRQ RQ DXVWHQLWLF VWDLQOHVV VWHHOV ZHUH DQDO\]HG %DVHG RQ WKH
HOHFWURFKHPLFDOWKHRU\DPRGHOZDVSURSRVHGWRMXGJHWKHSLWLQLWLDWLRQRQDXVWHQLWLFVWDLQOHVVVWHHOVLQWKHZHDNDFLGLFFKORULGH
VROXWLRQ$OWKRXJKWKHPRGHOZDVGHYHORSHGEDVHGRQGHWHUPLQLVWLFHTXDWLRQVLWFDQEHXVHGWRDQDO\]HWKHUDQGRPQHVVRISLW






$V D IRUP RI ORFDOL]HG FRUURVLRQ SLWWLQJ FRUURVLRQ LV JUHDW GHVWUXFWLYH WRPHWDOV EXW QRW HDVLO\ WR EH IRXQG
6WDLQOHVVVWHHOVDUHSURQHWRSLWWLQJFRUURVLRQ,QDGGLWLRQWRFRUURVLRQSHUIRUDWLRQSUREOHPVSLWWLQJFRUURVLRQPD\
DOVR FDXVH VWUHVV FRUURVLRQ FUDFNLQJ 6&& ,Q VRPH ILHOGV VXFK DV SHWUROHXP UHILQLQJ FKHPLFDO LQGXVWU\ DQG
QXFOHDU SRZHU SLWWLQJ DQG 6&& FDQ FDXVH WKH OHDNDJH RI GDQJHURXV PHGLD DQG HYHQ FDXVH ILUH DQG H[SORVLRQ
GLVDVWHUV
,WKDVEHHQSURSRVHG WKDW WKH ORFDOL]HGEUHDNRI WKHSDVVLYH ILOP OHDGV WRSLWWLQJ LQSDVVLYHPHWDOV$WSUHVHQW
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PHFKDQLVP WKH DGVRUSWLRQPHFKDQLVP DQG ILOPEUHDNGRZQPHFKDQLVP7KHVH WKUHHPHFKDQLVPVZHUHSURSRVHG
EDVHGRQSXUHPHWDOV\VWHP+RZHYHUWKHVXUIDFHLVQRWVPRRWKDQGFRPSOHWHIRUDQ\PDWHULDO,WKDVLQGHHGEHHQ
GHPRQVWUDWHGWKDWWKHSUHVHQFHRILQFOXVLRQVDQGSUHFLSLWDWHVVXFKDVVXOSKLGHRUR[LGHLQFOXVLRQVLQVWDLQOHVVVWHHOV
LQFUHDVHV WKH VXVFHSWLELOLW\ RI WKH VWHHO WR SLW IRUPDWLRQ )RU VWDLQOHVV VWHHO LW LV JHQHUDOO\ DJUHHG WKDW SLWV HDVLO\
LQLWLDWHDW0Q6LQFOXVLRQV>@7KHRQVHWSRWHQWLDORI0Q6GLVVROXWLRQLVPRUHQHJDWLYHWKDQWKDWRIWKHPHWDVWDEOH
SLW LQLWLDWLRQ >@ 7KH VL]H TXDQWLW\ DQG GLVWULEXWLRQ RI LQFOXVLRQV KDYH JUHDW UDQGRPQHVV ZKLFK FDQ FDXVH
UDQGRPQHVVRISLWWLQJLQLWLDWLRQ
,Q DGGLWLRQ WR VXUIDFH LQFOXVLRQV SLW LV DIIHFWHG E\ WKH DOOR\ FRPSRVLWLRQ DQG PLFURVWUXFWXUH HQYLURQPHQW
WHPSHUDWXUHJHRPHWULFVKDSHRIGHYLFHVYHORFLW\DQGIORZW\SHRIWKHIOXLGDQGVRRQ,QDGGLWLRQWKHVWUHVVDOVR
KDV VRPH LQIOXHQFHRQSLW LQLWLDWLRQ7KH VWUHVV FDQ LQFUHDVH WKH HOHFWURFKHPLFDO DFWLYLW\ RI WKHPHWDO VXUIDFH VR








3RLVVRQ SURFHVV +33 DQG QRQKRPRJHQHRXV 3RLVVRQ SURFHVV 1+33 ZHUH XVXDOO\ XVHG WR PRGHO PDFUR SLW
JHQHUDWLRQ>@,QDQDWWHPSWWROLQNSLWLQLWLDWLRQDQGJURZWK+RQJ>@GHYHORSHGDPRGHOWRGHVFULEH
ERWKVWDJHVXVLQJDFRPELQDWLRQRID3RLVVRQDQG0DUNRYSURFHVVHVIRUSLWJHQHUDWLRQDQGJURZWKUHVSHFWLYHO\2Q
WKLV EDVLV9DORU HW DO >@ LPSURYHG WKH QRQKRPRJHQHRXV0DUNRY&KDLQ WUDQVLWLRQ SUREDELOLW\PDWUL[ ([WUHPH




HVWDEOLVK WKH UHODWLRQVKLSEHWZHHQ WKHSLWTXDQWLW\DQG WLPH7KHGLVDGYDQWDJH LV WKDW WKHSK\VLFDOPHFKDQLVPVRI
SDVVLYHILOPEUHDNGRZQSLWLQLWLDWLRQDQGJURZWKDUHQRWFRQVLGHUHG












2.1. Driving force of pit initiation  
)RUDXVWHQLWLFVWDLQOHVVVWHHOPRVWRISLWWLQJLVFDXVHGE\FKORULGHLRQV3LWWLQJLVGLIILFXOWWRRFFXULQWKHDEVHQFH
RIR[\JHQHQYLURQPHQW ,QQHXWUDOZHDN DONDOLQH DQG DFLGLF VROXWLRQ WKHSLWWLQJ FRUURVLRQRI DXVWHQLWLF VWDLQOHVV
VWHHOEHORQJVWRWKHR[\JHQGHSRODUL]DWLRQFRUURVLRQ7KHUHIRUHLWLVDVVXPHGWKDWWKHFDWKRGLFUHDFWLRQRIVWDLQOHVV
VWHHORQO\LQFOXGHVWKHR[\JHQUHGXFWLRQUHDFWLRQLQZHDNDFLGLF1D&OVROXWLRQDVWKHIROORZLQJUHDFWLRQ
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%DVHGRQWKHPL[HGSRWHQWLDOWKHRU\WKHDQRGLFGLVVROXWLRQFXUUHQWGHQVLW\RIWKHPHWDOiDLVHTXDOWRWKHDEVROXWH












c   
ZKHUHĮLVWKHWUDQVIHUFRHIILFLHQWIRULURQDQGRWKHUPHWDOV D | iSLVWKHSDVVLYHFXUUHQWGHQVLW\$FPiLV
WKHH[FKDQJHFXUUHQWGHQVLW\ $FP nc LV WKH QXPEHU RI HOHFWURQV LQ WKH FRQWURO VWHS UHGXFWLRQ ,W LV JHQHUDOO\
EHOLHYHG WKDW WKH FRQWURO VWHS RI R[\JHQ UHGXFWLRQ UHDFWLRQ LV  2 H 2








K   u   
8QGHU WKHQDWXUDO FRUURVLRQFRQGLWLRQERWK WKHDQRGH UHDFWLRQSRWHQWLDO DQG WKHFDWKRGH UHDFWLRQSRWHQWLDO DUH
HTXDOWRWKHFRUURVLRQSRWHQWLDO6RWKHFRUURVLRQSRWHQWLDOFDQEHH[SUHVVHGDV
FRUU HR RM M K    
2.2. Resistance force of pit initiation 




7KHGLVVROXWLRQRI WKHSDVVLYH ILOP LV DFFHOHUDWHG VR WKH FULWLFDO SLWWLQJSRWHQWLDO VKLIWV WR DPRUHQHJDWLYHYDOXH
ZKHQWKHFKORULGHLRQFRQFHQWUDWLRQLQFUHDVHV)RUVWDLQOHVVVWHHOPHWDOSLWWLQJSRWHQWLDOIROORZVDVHPLORJDULWKPLF
UHODWLRQVKLSZLWKFKORULGHLRQFRQFHQWUDWLRQPRVWFRPPRQO\KDOLGHV>@
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UDWH LV FORVH WR ]HUR LV WDNHQ DV WKH WUXH SLWWLQJ SRWHQWLDO ,Q WKLV FDVH WKH GLIIHUHQFH EHWZHHQ WKH FULWLFDO SLWWLQJ
SRWHQWLDODQGWKHPHDVXUHGSLWWLQJSRWHQWLDOLVVPDOO7KHUHIRUHWKHSLWWLQJSRWHQWLDOZKHQWKHVFDQUDWHLVFORVHWR
]HURFDQEHWDNHQDV WKHFULWLFDOSLWWLQJSRWHQWLDODSSUR[LPDWHO\+RZHYHU LW LVQRWUHDOLVWLF WRVHW WKHVFDQUDWH WR
]HURLQSUDFWLFH$OLQHDUILWWLQJDOJRULWKPFDQEHDSSOLHGWRWKHSLWWLQJSRWHQWLDOVREWDLQHGDWGLIIHUHQWVFDQUDWHDQG





7KH UDQGRPQHVVRISLW LQLWLDWLRQ LV FDXVHGE\ WKHXQFHUWDLQW\RI WKH FRUURVLRQSRWHQWLDO DQG WKH FULWLFDO SLWWLQJ




DV UDQGRPYDULDEOHV7KH FULWLFDO SLWWLQJSRWHQWLDO LV D UDQGRPYDULDEOHZKLFKPRQRWRQLFDOO\GHFUHDVHVZLWK WLPH
LQFUHDVLQJ
%DVHG RQ WKH UHOLDELOLW\ WKHRU\ WKH FRUURVLRQ SRWHQWLDO DQG WKH FULWLFDO SLWWLQJ SRWHQWLDO DUH FRQVLGHUHG DV WKH
JHQHUDOL]HGVWUHVV SDQGJHQHUDOL]HGVWUHQJWK R UHVSHFWLYHO\ 7KH SHUIRUPDQFH IXQFWLRQ RI WKH VWUXFWXUH FDQ EH
H[SUHVVHGDV
FS FRUUZ M M    
:KHQ FS FRUUM M SLWWLQJPLJKW LQLWLDWH%RWK FRUUM DQG FSM DUHWLPHGHSHQGHQWUDQGRPYDULDEOHV7KHSUREDELOLW\





)LJ'LVWULEXWLRQFXUYHVRI FRUU f M DQG FS f M 
7KHSLWLQLWLDWLRQSUREDELOLW\PIFDQEHFDOFXODWHGE\WKHIROORZLQJIXQFWLRQ
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 ³ ³   
ZKHUH FRUU f M LV WKH MRLQW SUREDELOLW\ GHQVLW\ IXQFWLRQ RI IRXU UDQGRP YDULDEOHV ,QWKHRU\ WKH SUREDELOLW\
GLVWULEXWLRQRI FRUU f M PD\EHGHWHUPLQHGE\WKHGLVWULEXWLRQRIWKHEDVLFUDQGRPYDULDEOHVKRZHYHULWLVGLIILFXOW
WR REWDLQ D VSHFLILF DQDO\WLFDO UHVXOW 7KHUHIRUH WKH SUREDELOLW\ Pf LV XVXDOO\ FDOFXODWHG E\ DSSUR[LPDWLRQ RU
VLPXODWLRQ6ROXWLRQLQSUDFWLFH
%HFDXVH WKH UDQGRP YDULDEOHV iS i DQG ĳFS DUH HVWDEOLVKHG IURP SRODULVDWLRQ FXUYHV LQ RUGHU WR FDOFXODWH
FRQYHQLHQWO\ĳFSDQG RK DUHWDNHQDVDUDQGRPYDULDEOH FS FS RM M Kc   7KHUHODWLRQPD\EHFKDQJHGVRWKDW
HR
HR FS FS HR  fP f f d d
M





c c ³ ³   
'LVWULEXWLRQRIUDQGRPYDULDEOHV
   
 D&ULWLFDOSLWWLQJSRWHQWLDO E3DVVLYHFXUUHQWGHQVLW\
   
 F7HPSHUDWXUH GS+
)LJ)UHTXHQF\KLVWRJUDPVDQGWKHRU\QRUPDOGLVWULEXWLRQGHQVLW\IXQFWLRQFXUYHV
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7KHUDQGRPQHVVDQDO\VHVRIIRXUYDULDEOHVZHUHGRQHZLWKRXWFRQVLGHULQJWKHLQIOXHQFHRIWLPHLQWKLVSDSHU7KH
UDQGRPVDPSOHVRI WKHYDULDEOHVZHUHREWDLQHGIURPHOHFWURFKHPLFDOH[SHULPHQWV7\SH/DXVWHQLWLF VWDLQOHVV
VWHHOZDVPDGH DVZRUNLQJ HOHFWURGH7HVWVZHUH FDUULHG DW ć LV WKH QDWXUDOO\ DHUDWHG VROXWLRQVZLWK S+
YDOXH RI DURXQG ˈZKLFK FRQWDLQV  J/ VXOIDWHLRQV  SSP FKORULGHLRQVˈDQG WUDFH DPRXQW RI
VXOIXURXVDFLGLRQV7KHVFDQUDWHZDVP9PLQVRWKHSLWWLQJSRWHQWLDOLVWDNHQDVWKHFULWLFDOSLWWLQJSRWHQWLDO
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